An auxin-requiring soybean root caflus metabolized 11-14CI-2,4-dichlorophenoxyacetic acid (2,4-D) 
The auxin-type herbicide 2,4-D is readily metabolized by several kinds of callus tissue (4) (5) (6) . In Acme soybean cotyledon callus, we have identified (4, 7) primarily ether-soluble aspartic and glutamic acid conjugates of 2,4-D, as well as water-soluble glycosides of various 4-hydroxy 2,4-D metabolites with lesser amounts of other metabolites (including the presumed 2,4-D glucose ester). Although we have not characterized the metabolites in Amsoy root callus as extensively, the metabolites found are qualitatively similar to the Acme cotyledon callus. The synthesis and degradation of 2,4-D or IAA conjugates may contribute to the regulation of auxin levels in tissue (9).
Bandurski et al. (2) found that a light flash, causing photoinhibition of growth in corn seedlings, decreased the level of free IAA but increased the level ofconjugated IAA. Thus, growth regulation by light and other factors can perhaps be correlated with changes in auxin conjugation.
Excised Amsoy roots and 9-week-old soybean root callus appeared to regulate the level of free 2,4-D by converting excess 2,4-D into amino acid conjugates (3) but younger soybean callus (3- and extracted four times with equal volumes of diethyl ether. The aqueous phase was extracted three times with equal volumes of 1-butanol saturated with H20 (water-soluble or aqueous fraction), which removed 90% of the water-soluble radioactive metabolites.
The butanol fraction was concentrated in a rotating evaporator (aspirator) at 50 C to 0.5 ml. An aliquot (0.2 ml) was diluted to 20 ml with distilled H20 and adjusted to pH 6 (Fig. 2) . The percentage of ether-soluble amino acid conjugates increased from 43% (8 h) to almost 63% (24 h) of the label in the tissue, whereas the free 2,4-D dropped from about 32% at 8 h to 11% at 24 h (Fig. 2) . After 2,4-D in the medium was largely depleted at 24 h (Fig. 1) , the percentage of amino acid conjugates of 2,4-D fell from 63% to about 21% (72 h), which mainly correlated with a rise in free 2,4-D (11-27%) and watersoluble metabolites (22-43%. The percentage water-soluble metabolites tended to increase with increasing incubation time.
In subsequent experiments, the tissues which had been incubated with labeled 2,4-D were rinsed with sterile H20 and returned to medium with or without 2,4-D (Fig. 3) (Fig. 2) . This was so because uptake of most of the 2,4-D occurred during the first 24 h (Fig. 1) . When tissue was incubated with [1-14C]2,4-D for 24 h followed by 48 h without 2,4-D (Fig. 3) , the percentages of metabolites were similar to those in tissue incubated for 72 h in [l-14CJ2,4-D (Fig. 2) .
Tissues were incubated also with radiolabeled 2,4-D for 24 h, rinsed with sterile H20, and returned to an incubation mixture containing unlabeled 9 uM 2,4-D for an additional 24 h (Fig. 3) .
In tissue incubated in this manner, the percentage of label in the free 2,4-D component remained at 11%, whereas, without 2,4-D, the percentage of [1-14C]2,4-D in tissue increased to 22% (Fig. 3) . When the tissue was continuously incubated with [1-14C]2,4-D, the conjugate fraction decreased from 63% at 24 h to 40%o at 48 h (Fig. 2) , which was similar to the 40%o found after 48 h in the It appears that the increase in free 2,4-D in the tissue after 48 to 72 h incubation was due to the conversion of ether-soluble amino acid conjugates to free 2,4-D. Uptake of label was almost complete after 24 h incubation (Fig. 1) , so that the rise in free 2,4-D must be accomplished at the expense of conjugates. This was confirmed in experiments where tissue was removed from labeled 2,4-D at 24 h. With increasing incubation times, the water-soluble fraction also increased in radioactivity at the expense of the amino acid conjugate fraction.
Free 2,4-D was at its lowest level after 24 h incubation, followed by a steady increase in concentration. One explanation for the minimum 2,4-D level at 24 h would be that there is over induction of "conjugation enzyme" along with medium depletion ofexternal 2,4-D at this time. Perhaps this phenomenon can also be correlated with the resumption of cell division in the tissue. In a partially synchronized suspension oftobacco cells, cell division is correlated with an increase in tissue 2,4-D levels when grown in media containing 2,4-D (11) . Since levels through amino acid conjugate formation (3) .
It is apparent that free 2,4-D can be supplied at the expense of ether-soluble conjugates. The induction of the auxin conjugation system by exogenous auxin in several tissues is well known (1, 9, 13) , and the presence of natural aspartate conjugates has been reported (12) . It also seems that hydrolysis, as well as formation, of such conjugates would be closely regulated. This auxin-dependent, rapidly growing callus tissue may have some advantages for studies on possible regulation of auxin levels by conjugate metabolism. There appears to be little auxin synthesis, and the metabolic pathways for degradation of 2,4-D are better understood (and more limited) than those for IAA. Some auxintype herbicides are even more stable than 2,4-D, and study of regulation of their levels in this sort of callus tissue would be informative.
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